Introduction
The restructuring in electric power industries from the last two decades was introduced with privatization in their sectors to improve their efficiency. However, as the deregulation progresses among power utilities, the utility operators face new problems and challenges [1] . Moreover, the provision of bilateral transaction, that allows GENCO and DISCO pairs to negotiate power transactions, has lead to uncertainty in the amount and direction of power flows. Evidently, the overall consequence of this issue is the congestion in transmission network. The issue of transmission congestion is more pronounced in deregulated and competitive markets and it needs a special treatment [1] . In this environment, independent system operator (ISO) has to maximize social welfare and relieve the congestion, so that the system is maintained in secure state. To maximize social welfare and relieve the congestion ISO can use mainly two types of techniques, which are as follows [1] [2] [3] [4] :
A. Cost free means:  Out-ageing of congested lines;  Operation of transformer taps/phase shifters;  Operation of FACTS devices particularly series devices.
B. Non-Cost free means:  Re-dispatching the generation amounts. By using this method, some generators back down while others increase their output. The effect of re-dispatching is that generators no longer operate at equal incremental costs;  Curtailment of loads and the exercise of load interruption options.
Among the above two main techniques cost free means do have advantages such as not touching economical matters, so GENCO and DISCO will not be involved. This paper deals with the optimal locating and sizing of a TCSC, for social welfare maximization in competitive power markets. Up to now, different approaches have been proposed for optimal locating of FACTS devices in both vertically integrated and unbundled power systems [1] [2] [3] [4] . Sensitivity-based congestion management with optimally placed FACTS controllers is presented in [1] [2] [3] [4] . However, there are some disadvantages for this method such that it may not capture the non-linearity associated with the power system. Genetic algorithm as an evolutionary method can be applied as a good solution for optimization of OPF problem by incorporating FACTS devices and consequently considering the non-linearity of the system into account. However, various optimization techniques are available to OPF problem. Distributed generators locating for social welfare maximization is presented in [5] . Maximization social welfare is represented as marginal benefit versus demand function in [6] . [7] discovered a method for increasing social welfare under congestion probability in transmission network.
Mathematical model Of TCSC
In this paper, the Newton-Raphson (N-R) power flow formulation is used and TCSC is represented using the Power Injection Model (Fig. 1) . The real and reactive power injections at buses i and j with a TCSC connected in line ij can be expressed as [7] :
where
(1)-(4) are added to Jacobin matrix in N-R load flow formulations. 
Problem formulation
In the double-sided auction market model, both DisCos and GenCos participate in the market and offer their bid-quantity packages to the market operator. The objective of market operator is to maximize the social welfare, including load flow equality and operational inequality constraints [7] : 
Proposed algorithm
A detailed step by step procedure for the proposed GA based social welfare maximization by incorporating all the constraint in the objective function is expressed as follows:
Step 1. Prepare input power system parameters (e.g., system topology, line and load specifications, generation limits, line flow limits and cost coefficient parameters).
Step 2. Assume a suitably population size (N ch_max ) and maximum number of generations (N it_max ), crossover rate (Pc), and mutation rate (Pm)). Set initial counters and parameter values (e.g., N ch = N it =1).
Step 3. Generate random chromosomes by real coding which include power generation schedule, Location and size of TCSC, as follow:  The values of power generation corresponding to the i th generator may be expressed max 0 1
 The location and size of TCSC device is described by:
, 0 0.7
where NL is the number of transmission lines.
Step 4. Run power flow. Check the equality and nonequality constraints of the system as described before.
Step 5. If any of the constraints is violated compute proposed penalty functions (Fig.2) using outputs of the applied power flow. Compute objective function for chromosome N ch . Set N ch = N ch +1.
Step 6. If 
F
Step 7. Calculate the value of objective function corresponding to each set of a chromosome.
Step 8. Find and store maximum social welfare among all valid chromosomes and corresponding pattern.
Step 9. Set generation count gen-count=1.
Step 10. Select two chromosomes based on "tournament" mechanism. Set N ch = N ch + 1. If
Step 10.
Step 11. Select a random number (RND 1 ) for mating two parent chromosomes.
Step 12. If RND 1 is less than the crossover rate (Pm) then combine the two parents, generate two offspring using Eq. 10 and go to Step 13. Else, transfer the chromosome with no crossover ( )
Step 13. Repeat steps 11 to 12 for all chromosomes.
Step 14. Select a random number (RND 2 ) for mutation of one chromosome.
Step 15. If RND 2 is less than the mutation rate then apply the mutation process using (7) and go to Step 16, Else, transfer the chromosome with no mutation (1 ) 1 ( 1) 1 
where r is a uniform random number on the interval (0,1), t is the current generation number, T is the maximum number of generations and b (e.g., b=2 in this paper) is a parameter determining the impact of mutation on the new generations.
Step 16. Repeat Steps 14 to 15 for all chromosomes.
Step 17. Replace the old population with the improved population generated by Steps 3 to 16.
Step 18. Run power flow. Check the equality and non-equality constraints of the system as described before.
Step 19. If any of the constraints is violated compute proposed penalty functions (Fig. 2) using outputs of the applied power flow. Compute fitness functions (5) for chromosome N ch . Set N ch = N ch +1.
Step 20. If Step 21. Calculate and store the value of objective function.
Step 22. Find and store maximum social welfare among all valid chromosomes. Set
Step 23. If the maximum number of iterations is achieved then print optimal generation and demand amount, optimal TCSC size and location and stop, else go to Step 9.
Results and discussions
This section presents the basic operation of the IEEE 14-bus system [4] and optimal locating and sizing of one TCSC unit with smooth/nonsmooth generators cost curves (5), without/with line flow constraints (6) to illustrate the ability of proposed method. Simulation results are analyzed as follows:  Without line flow constraints by using smooth cost curve, lines 7-10, 12, 13, 15-17 are congested. The same lines (except for line 8) will be congested when nonsmooth cost curve are used (Table 1 , columns 2 and 5);  Transmission line limits (6) overcome the congestion problem; however, social benefit decreases from 1972.3$/h to 1490.8$/h and from 1956.6$/h to 1436.3$/h for smooth and nonsmooth cost curves, respectively;  In addition, total generation and total load decreases from 381.9MW/h and 357.7MW/h to 326.1MW/h and 313.8MW/h for nonsmooth cost curves, respectively;  As expected, line flow constraints cause significant decrease in social welfares. Therefore, line flow constrains are the main causes of low social benefit and low loading levels. Therefore, it is necessary for ISO to encourage competition and reduce the waste. FACTS devices can be used to direct power through uncongested transmission line(s) and provide cheaper power to be transferred from generators to consumers;  According to Table 2 , optimal sizing and placement of one TCSC (Table 3) will increases the generation cost; however, it will also improve social benefit from 1490.8$/h to 1504.2$/h and from 1436.3$/h to 1511.7$/h for smooth and nonsmooth cost curves, respectively. The main reason is the increase in total load from 331.1MW/h to 334.8MW/h and from 313.8MW/h and 331.2MW/h for smooth and nonsmooth cost curves, respectively. Therefore, optimal placement/sizing of TCSC has proven to be beneficial for IEEE 14-bus system;  According to Table 2, without any line flow constraints, there are very high load demands at nodes 11-14 (corresponding to lines 5-8) due to higher benefit coefficients. However, when the line flow constrains are considered, there is substantial reductions in load demands and social benefit at theses nodes;  According to Table 2 , line flow constraints will substantially increase loading levels at nodes 4-5 (corresponding to lines 1-2) and increase their social benefits. 
Conclusions
In this paper an algorithm for social welfare maximization with optimal locating (and sizing) of one TCSC unit and optimal rescheduling of generation and demand levels is proposed. Based on the simulation results for IEEE 14-bus system, the following conclusions are drawn:  TCSC has the ability to redistribute power flow, influence loads and generations levels at different buses, and significantly increase the social benefit. Installation of TCSC offers benefit that far exceeds its cost for the system conditions studied.;  TCSC may have different impacts on the welfare of individual participants and may affect the pool price of each bus differently. Therefore, some participants may benefit more than others;  The smoothness of the generator cost curves shows no significant impact on the line congestions; however, it will increase generation cost. This needs to be considered by ISO to get more accurate results and realistic cost analysis.
